Background: Detection, treatment, and subsequent screening of patients with colorectal polyps have considerable implications for public health. Understanding the natural history of colorectal polyps from biologic and health care services standpoints is critical in determining optimal treatment.
Conclusions : The results demonstrate that, even when screening and treatment are received by those who need it, the risk of colon polyp recurrence is high and many patients do not undergo additional screening. Efforts to increase and monitor ongoing screening of postpolypectomy patients are warranted. In addition, further research is needed to better identify patients at risk for recurrence so that continued screening and other interventions can be targeted at these groups. Med. 2003; 163:422-426 C OLORECTAL CANCERS are the third most common c a n c e r s i n m e n a n d women, with an estimated 135400 new cases and 56 700 deaths in 2001. 1 Adenomatous polyps of the colon or rectum have been identified as precursors to colorectal cancer [2] [3] [4] [5] [6] and as such are of critical importance in the early identification and potential prevention of colorectal cancer. The progression of adenomatous polyps to adenocarcinoma, which has been termed the adenoma-adenocarcinoma sequence, is the basis of current clinical practice and is supported by autopsy, clinical, epidemiologic, and molecular genetic studies. 4, [7] [8] [9] [10] The prevalence of adenomas is approximately 30% to 40% in people 60 years and older. However, the factors that predict who will develop cancer or who is likely to have recurrent polyps are not yet clearly determined. 11 Histologic change and morphologic factors have been identified as important characteristics of adenomas that are predictive of progression to cancer, but there are likely to be other factors that influence risk for the adenoma-adenocarcinoma sequence. 1, 3, 10 The initial treatment of patients with polyps includes removal of all polyps visualized during colonoscopic screening to eliminate potential neoplastic lesions and reduce the likelihood of subsequent colorectal cancer morbidity and mortality. 10 Results of observational studies provide consistent evidence for these recommendations. 1, 3, 12 Given that it is routine clinical practice to remove all polyps, the rate of progression to cancer in the absence of polypectomy cannot be determined. Observational data collected before the routine use of sigmoidoscopy, colonoscopy, and polypectomy suggest that the cumulative risk of progression of polyps to cancer is 4% to 35% throughout 5 to 20 years. 13 A 2-to 4-fold increased risk of colorectal cancer for patients diagnosed as having an adenomatous polyp (compared with the general population) has also been reported. 14 who undergo a colonoscopic polypectomy are likely to have additional polyps detected during follow-up screening; the percentage of adenomas detected after polypectomy can range from 37% to 60%. [16] [17] [18] [19] The detection, treatment, and subsequent screening of patients with colorectal polyps have considerable implications for public health. A comprehensive understanding of the natural history of colorectal polyps from biologic and health care services standpoints is critical in determining optimal treatment strategies. Current clinical management of polyps consists of removal of all polyps together with a plan for follow-up screening. However, considerable debate exists about appropriate follow-up intervals. Two randomized trials, the National Polyp Study (NPS) 4 in the United States and the Funen study 20 in Denmark, have investigated different screening intervals. In each trial, patients with adenoma and without a prior history of polyps or colorectal cancer were randomized to receive follow-up on 2 different postpolypectomy schedules: at 1 and 3 years or at 3 years only in the NPS and at 2 or 4 years in the Funen study. In both studies, a significant number of patients produced additional polyps. In the NPS, 27% of the patients experienced a polyp recurrence after 1 year and 32% after 3 years. The Funen study found that polyps recurred in 20% of patients after 2 years, 35% after 4 years, and 50% after 8 years.
Arch Intern
To quantify the risk of and time to recurrent polyps in real-world clinical practice, we conducted a population-based retrospective cohort study of 8865 individuals who were a part of a large health maintenance organization (HMO) and for whom colon cancer screening was a covered benefit. This setting provided a unique opportunity to meaningfully assess real-world clinical practice because of the comprehensive sets of patient information maintained electronically and because of the racial diversity of its patient population.
METHODS

DATA SOURCES AND STUDY POPULATION
Patients for this study were identified from a large, vertically integrated health system serving the primary and specialty health care needs of Midwestern residents. This system is affiliated with a multispecialty, salaried physician group that provides most of the care for health system patients. The health system also owns a large, nonprofit, mixed-model HMO. To optimize the computerized data available for this study, the population was limited to HMO members assigned to the medical group physicians.
COMPUTERIZED DATA SOURCES
The health system maintains an extensive, centralized system of computerized databases. Data for this study primarily came from 2 computerized sources: encounter and claims records and the HMO membership file. The encounter and claims databases include comprehensive patient data for outpatient, emergency department, and inpatient care delivered by the medical group. For each outpatient encounter, information on date of visit, diagnoses, physician delivering care, procedures delivered, and clinic in which the care was delivered is compiled. Likewise, for each inpatient stay, information on admission and discharge date, diagnoses, and procedures is compiled. Procedure data, which include polypectomies, are recorded using Current Procedural Terminology codes and codes specifically created for internal system purposes. In addition to these encounterspecific fields, data on the patient's age, sex, and race are available. The HMO also maintains detailed contractual information for each of its enrollees. These data are available via the HMO membership database and include historical and current coverage dates, covered benefits, and the amount of copayments for which the enrollee is responsible.
STUDY POPULATION
Using the computerized data described herein, we identified all patients 50 years or older who were members of the HMO, received care from the medical group physicians, and underwent a polypectomy between January 1, 1989, and December 31, 1999. This first polypectomy within the study period was termed the index polypectomy. From this group, we excluded (1) patients diagnosed as having Crohn disease or ulcerative colitis anytime before or within 3 months after the index polypectomy, (2) patients diagnosed as having colorectal cancer anytime before or within 3 months after the index polypectomy, and (3) patients enrolled in the HMO for less than 1 year after the time of the index polypectomy.
ASCERTAINMENT OF FOLLOW-UP DATA
We followed up all patients who met the eligibility criteria to determine whether a subsequent polypectomy occurred through September 1, 2001. Because we were interested in identifying new polyps (ie, not additional procedures related to the index polypectomy), we included as follow-up events only those polypectomies that occurred at least 9 months after the index date. In addition to analyzing the entire study population, we also conducted an analysis among the subset of patients who had subsequent colon-related screening during the follow-up period, because those undergoing screening had the opportunity to have a recurrence detected.
To evaluate the impact of health care-related resource use among patients who underwent polypectomies, we identified a comparison group of patients, sampled from the same base population as the polypectomy patients, matched on sex, race, and age (±5 years). The date of index polypectomy served as the index date from which resource use was measured in the matched comparison group. Resource use, including all outpatient visits and inpatient stays, was captured from the index date until the end of HMO enrollment or the end of the study period, whichever came first.
DATA ANALYSIS
Among the cohort of patients who underwent a polypectomy, we calculated the proportion of patients who had a recurrent polyp and the relative risk (RR) of recurrence, with corresponding 95% confidence intervals (CIs). We fit Kaplan-Meier survival curves to estimate the proportion of patients who were free of recurrence throughout the study period, overall and limited to patients who had a second colon-related procedure (colonoscopy, sigmoidoscopy, or barium enema). To evaluate resource use, we tabulated primary care visits, specialty visits, and inpatient stays for the polypectomy and comparison groups.
RESULTS
POLYP RECURRENCE
We identified 12351 patients 50 years or older who underwent a polypectomy between January 1, 1989, and De-cember 31, 1999 . From this group of 12 351 index polypectomies, we excluded 2242 patients with a diagnosis of Crohn disease or ulcerative colitis and 524 patients with a diagnosis of colorectal cancer anytime before or within 3 months after the index polypectomy. To ensure that we obtained complete information on study patients, we further limited the study population to individuals who had HMO insurance for at least 1 year, for a final study sample of 8865 individuals.
The characteristics of the study population are given in Table 1 . Almost 60% of the study population was male, nearly 24% of the population was 70 years or older, and approximately 25% of the population was African American. Almost 60% of the individuals were enrolled in the health plan for 3 years or more after the index polypectomy. Table 2 presents the number of patients who had a polyp recurrence at least 9 months after the index polypectomy through September 2001. The mean follow-up time for the study cohort was 4.6 years (median, 4.1 years), with a minimum follow-up time of 1 year after the index polypectomy and a maximum of 11.8 years. Overall, 2704 patients (30.5%) were diagnosed as having recurrent polyps. Men were slightly more likely to be diagnosed as having a recurrent polyp (RR, 1.2; 95% CI, 1.1-1.3), and African American patients were less likely to have a recurrence identified (RR, 0.75; 95% CI, 0.70-0.80). Figure 1 shows the Kaplan-Meier projections for a recurrent polyp diagnosis over time. These figures indicate that 50% of patients who had an initial polyp will have a recurrence within 7.6 years (95% CI, 7.2-8.1 years). These projections further estimate that 25% of patients will be diagnosed as having recurrence within 3.3 years (95% CI, 3.2-3.4 years).
The estimate of incidence of recurrence depends not only on the natural history of the disease but also on the proportion of the population that receives additional screening and therefore has the opportunity to have an asymptomatic recurrence detected. To examine this issue, we also calculated the proportion of patients with recurrence, limiting the patient population to those individuals who had a second colon-related procedure during the study period. We found that 4628 patients (52% of the original cohort) had colon screening at least 9 months after the index date. Among this group of patients, Kaplan-Meier projections estimate that half (50%) will have a recurrent polyp detected within 3.9 years (95% CI, 3.8-4.1 years; Figure 2 ).
RESOURCE USE
The proportions of patients in the polyp and comparison groups who had primary care visits, specialty visits, and hospital stays are presented in Table 3 . The polyp cohort had more health care use than the comparison cohort. Patients who underwent polypectomy were 30% more likely to have a specialty visit, 20% more likely to have a primary care visit, and almost 40% more likely to have a hospital stay. During the study period, the polyp cohort had an average of 12.5 primary care visits and 15.6 specialty visits compared with 8.6 primary care and 13.8 specialty visits in the comparison group. 
COMMENT
In this study, conducted using current clinical practicebased data in a racially diverse managed care environment, 30.5% of patients with polyps had subsequent polyps. We found no large differences in recurrence by sex, race, or age. Kaplan-Meier projections showed that, in the overall study population (including both patients who returned for screening and those who did not), 50% of patients will have a recurrence within 7.6 years. These results are similar to those obtained in important studies in this clinical area, including the 2 randomized trials: the NPS and the Funen study; in the NPS, 27% of patients experienced a polyp recurrence after 1 year and 32% after 3 years; in the Funen study, polyps recurred in 20% of patients after 2 years, 35% after 4 years, and 50% after 8 years. 3, 20 Several other observational studies have examined polyp recurrence rates. However, patient accrual for the most recently published studies occurred between 1975 and 1990, [21] [22] [23] [24] [25] which was before or during the initial use of endoscopic removal of polyps in clinical practice. Nonetheless, 3 of these studies [21] [22] [23] also had recurrence rates similar to those found in both the NPS and the present study (28%-37% between 1.4 and 5 mean years of follow-up). One study 25 found a much lower recurrence rate (6% of patients with single adenomas after 4 years; 5.7% of patients with multiple adenomas after 2 years), but the definition of recurrence used was much more restrictive. Another study, with a small sample size (n=44), found a high recurrence rate (59%) after a median follow-up time of 12 months.
The results presented in this article demonstrate that even when screening and treatment are received by those who need it, the public health burden of subsequent polyps is large, not only because of the biologically inherent high risk of patients with an initial polyp but also because many patients then require surveillance. In this study, only 52% of patients had subsequent colon screening. However, the proportion of patients who received screening in this population is actually higher than the reported 19% of patients 50 years and older in the National Health Interview survey who, in 1998, reported use of screening endoscopy within the previous 3 years. 26 As expected, in the present study, health care-related resource use among patients with an index polyp was greater than an age-and sex-matched comparison group. Subsequent work may focus on determining the extent to which the difference is attributable to their polyps or to comorbidities.
This study is limited by the fact that data were not available to classify polyps by histologic findings. Therefore, the patient population consists of a heterogeneous sample with differing risks for subsequent colorectal cancer. Although there is some evidence suggesting that a proportion of hyperplastic polyps may be a premalignant condition, 27, 28 sharing risk factors similar to adenomas, 29 current clinical consensus is that hyperplastic polyps are benign lesions. 30 Nonetheless, this study was designed to estimate the time to polyp recurrence and measured the frequency of additional polypectomy. Therefore, regardless of histologic findings, the end points in this analysis included patients who did in fact have an additional polyp removed. Furthermore, the institutional guidelines for patients with hyperplastic polyps recommend additional colonoscopy in 1 year, reverting to colonoscopy or barium enema and sigmoidoscopy every 3 to 5 years if the colon is cleared.
In this study, among the group of patients who underwent additional screening procedures, KaplanMeier projections estimated that 50% of patients would have recurrent polyps detected within 3.9 years. These results, in a real-world clinical practice in which insurance-related barriers to screening are not an issue, indicate that patients with polyps are at high risk for polyp recurrence. The results of this study also demonstrate that half of patients received additional colon screening, despite the fact that surveillance of this population is generally recommended. Impediments to colon screening in this population are not definitely known. However, factors such as suboptimal patient knowledge and awareness, assumption that colorectal cancer risk is symptom dependent, competing health risks, and perceptions that sigmoidoscopy is dangerous and undignified have been cited as barriers to screening; among patients who have been screened, barriers include perception that a previous negative screening result or a screening in which polyps were removed makes subsequent screening unnecessary. 31 Efforts to increase and monitor ongoing screening of postpolypectomy patients and efforts to improve appropriate colorectal cancer screening activities are warranted. In addition, further research is needed to better identify patients at risk for recurrence so that continued screening and other interventions can be targeted at these groups.
